Abstract -Artificial Bee Colony (ABC), a recently proposed population based search heuristics which takes its inspiration from the intelligent foraging behavior of honey bees. In this study we have studied the impact of modification rate (MR) in basic ABC by gradually increasing it from 0.1 to 0.9. This impact is studied on four engineering design problems taken from literature. The simulated results show that it is beneficial to set the modification rate to a lower value.
Introduction
ABC, proposed by Karaboga in 2005 [1] is a relatively recent bio-inspired metaheuristic optimization algorithm that mimics the natural intelligent foraging behavior of honey bees. Initially ABC was proposed and developed for solving continuous optimization problems [2] [3] . Since the introduction of ABC, it has also been applied to solve a wide variety of optimization problems arising in various disciplines [4]- [12] . The detailed survey can be studied in [13] . ABC comprises of three kinds of bees namely (a) Scout (b) Employed and (c) Onlooker bees. The bees intelligently organize themselves and divide the labor to perform the tasks like searching for nectar, sharing information about the food source etc.
The position of a food source represents a possible solution to the optimization problem and the nectar amount of a food source corresponds to the quality (fitness) of the associated solution. A brief overview and mathematical model of ABC is presented in section 2.
In this paper we have studied & analysed the impact of modification rate in basic ABC while solving four engineering design problems. This paper is structured as follows: Parameter settings are briefed in Section 3 and analyses of the impact of modification rate in ABC are discussed in Section 4. Finally the conclusions are presented in Section 5.
Outline of ABC

Foraging behavior of Bees:
In the initial phase of foraging, bee explores the environment randomly in search of food sources. When the forager bee finds the food source it becomes employed bee. After exploiting the discovered food source, employed bee returns to the hive and unloads the gathered nector. Now it's up to bee to go back directly to the discovered food source or can share the site information to the onlooker bees waiting in the hive by performing a dance called waggle dance on the dance area. Through this dance the employed bee informs the onlooker bee about the direction w.r.t. Sun, distance and quality (Fitness) of the food source. If the food source exploited by employed bee gets exhausted then the bee becomes scout bee, also called the replacement mechanism, and explores the new food sources randomly. The Onlooker bees choose the source site depending on the frequency of the dance, as frequency is proportional to quality of the food source. This is how the onlooker bee becomes the employed bee.
In ABC algorithm the food Sources represents the candidate solutions/possible solutions and the nector amount of the food source represents the fitness associated with the solution for the optimization problem. And each of the food sources is exploited by only one employed bee hence the numbers of food sources are equal to the employed bees.
By this analogy between the intelligent foraging behavior of bees and the ABC algorithm, the basic ABC algorithm can be explained. This is also described using a graphical representation in Fig. 1 An onlooker evaluates the nectar information (i.e. the fitness of solutions) collected from all the employed bees and selects a food source xi using probability Pi as:
Where f i denotes the fitness value of the i th food source. The onlooker after selecting the food source x i , modifies it by using equation (2) . Once again a tournament is held between the food source selected and the food source modified by the onlooker and once again as in previous step, the one with better fitness value becomes a member of the population. Therefore, good food sources attract more onlooker bees compared to bad ones.
Diversity mechanism in ABC (Significance of Scouts): The main work of scouts is to induce diversity in ABC. An employed bee which is not able to improve the fitness value of a food source becomes a scout. A scout is activated when it is observed that the fitness of a food source x i shows no betterment even after a specified number of trials limit. Stagnation in the fitness value of a food source indicates that the particular food source may be replaced with a new food source. Scout produces a new food source with the help of equation (1) .
Pictorial representation is shown in Fig. 2 . 
Constrained ABC
ABC, with small changes, can easily be modified for dealing with problems having constraints as well [[13] ]. In this method a user defined control parameter called modification rate (MR), is introduced. With the help of MR, it is decided stochastically whether a food source xi should be retained or not. It given by the equation:
..,n}. R j is generated randomly between 0 and 1in each iteration; while MR has a fixed value predefined by the user in the beginning of the program.
To study the impact of MR in ABC, the problem constraints are handled by following Deb's [[14] ] three feasibility rules as criterion to compare solutions (food sources). They are described as follows:  If there are two possible feasible food positions then one having higher nector (fitness value) is selected.  If only one food position is feasible and other is infeasible then the one having feasible position is chosen.  If both the food positions are infeasible then the one which violates less constrains is considered for the possible food position. These rules bias feasible food sources over infeasible food sources. And there is no need of penalty parameter because a pairwise comparison (tournament selection) is done in this method. rand (), inbuilt function in C++ is used to generate random food sources. The seed remains the same for every algorithm.
Importance of Modification Rate
An employed bee produces a modification (equation (4)) on the position of the food source (solution) in her memory depending on the local information (visual information) and evaluates the nectar amount (fitness value, quality) of the new source (new solution). As it can be seen from (equation (4)), the difference between perturbation on the position xij decreases. Thus, as the search approaches to the optimum solution in the search space, the step length is adaptively reduced. The first modification of ABC algorithm arises here. In the unconstrained version of ABC algorithm, only one randomly chosen parameter xij is modified while other parameters except for xij are copied from the old solution Xi. However, in the modified ABC algorithm, for each parameter xij, a uniformly distributed random real number, (0≤Rj≤1), is produced and if the real number is less than the control parameter value, modification rate (MR), and the parameter xij is modified. Here, we ensure at least one parameter to be modified if no parameter is changed.
Parameters Settings for Simulation
A test bed of four constrained engineering design optimization problems have been taken from the literature (also given in Appendix -I) to evaluate the impact of modification rate in basic ABC. Artificial bee colony algorithm has been coded in C++ and executed in Linux environment on dual core processor with 4GB RAM.
ABC has three control parameters: Food sources (SN); limit for abandonment i.e. value of limit; and maximum cycle numbers (MCN) and are defined as follows:  The number of bees or colony size (SN) that consist of equal number of employed as well as onlooker bees, is taken as 40.  Limit that controls the number of trials for the improvement of food source is taken as SN*n, where is n is number of decision variables. Food source is abandoned by its employed bee if it could not be further improved in defined number of trials of limit.  Maximum cycle numbers are the number of cycles taken by bee for foraging the food sources and is fixed to 5000, which as also a termination/stopping criterion. All the experiments were run 25 times i.e. algorithm is executed 25 times for each problem with a total of 5,000 objective function evaluations per run. 
Analyses of the Impact of Modification Rate In ABC
Modification rate (MR), is a new control parameter that has been added to the structure of basic Artificial Bee Colony algorithm by Karaboga and Table 1 -Table 4 .
It has been analysed as the value for the modification rate increases, the probability of changing the optimization parameter xj, j = 1, 2,…, N is increased. It can be considered that if modification rate take the smaller value we are looking for a new food source in the closer neighborhood. Otherwise, parameter takes the higher value we are looking for a new food source in the further neighborhood. The preliminary experiments show that it is beneficial to set the modification rate to a lower value between 0.4 -0.6. The function fitness value, mean value, worst and best value are plotted for all the four problems and shown in Fig. 3(a) to 3(d) , where A represents the cost or fitness function curve, B represents the curve consist of the mean values in each run, best and worst are the best and worst fitness values in all the runs and Min Mean is the minimum mean in all the runs. 
Conclusions
According In constrained ABC user defined control parameter called modification rate (MR), is introduced that decides stochastically whether a memorized food source should be retained. In the present study we tried to analyze the impact of modification rate by gradually increasing it from 0.1 through 1.0. A preliminary conclusion is made that it is beneficial to set the modification rate to lower value so that the bee will search for a new food source in the closer neighborhood. Appendix -I
Welded Beam Design
Minimizes the cost of the beam subject to constraints on shear stress, τ , bending stress in the beam, σ , buckling load on the bar, P c , end deflection of the beam, δ, and side constraints. This problem consists of a nonlinear objective function, five nonlinear and two linear inequality constraints. The solution is located on the boundaries of the feasible region. The ratio of feasible region to entire search space is quite small for welded beam problem.
There are four design parameters x 1 , x 2 , x 3 and x 4 correspond to h, l, t and b variables, respectively, shown in Fig.A1 
and P = 6000lb., L = 14 in., max  = 0.25 in., E = 30 x 10 6 psi, G = 12 x 10 6 psi, max  = 1, 3600 psi, max  = 3,0000 psi, 
Pressure Vessel Problem
The pressure vessel problem is to minimize the total cost of material, forming and welding of a cylindrical vessel shown in Fig.A2 . Pressure vessel problem has a nonlinear objective function, a nonlinear and three linear inequality constraints. Since the problem has two discrete variables and two continuous variables, it is a mixed discrete-continuous constrained optimization problem. The four design variables are x 1 (thickness TS of the shell), x 2 (thickness TH of the head), x 3 (inner radius R) and x 4 (length L of the cylindrical section of the vessel, not including the head). x 1 and x 2 are to be in integral multiples of 0.0625 inch which are the available thicknesses of rolled steel plates. The radius x 3 and the length x 4 are continuous variables. 
Speed Reducer Design
The aim of the speed reducer design is to minimize the weights of the speed reducer, Fig. A3 , subject to constraints on bending stress of the gear teeth, surface stress, transverse deflections of the shafts and stresses in the shafts. Speed reducer problem has seven nonlinear and four linear constraints. Four constraints are active at the best known feasible solution [3.5000 0.7000 17.0000 7.3000 7.7153 3.3502 5.2867] producing a 2994.34 kg gearbox.Design parameters of the speed reducer problem, the face width (b), module of teeth (m), number of teeth in the pinion (z), length of the first shaft between bearings (l 1 ), length of the second shaft between bearings (l 2 ) and the diameter of the first shaft (d 1 ) and second shaft (d 2 ) correspond to x 1 , x 2 , . . . , x 7 , respectively. Some optimization algorithms have been reported to have difficulties in finding the feasible space and is an example of a mixed integer programming problem. The third variable (number of teeth) is of integer value while all other variables are continuous. 
